Objective. To perform a quantitative evaluation of the traditional Philippine diet using data collected over an extended period of time. We sought to identify seasonal variations and within-subject components of variation in nutrient intake.
Introduction
Macronutrient and micronutrient deficiencies are prevalent in many parts of Asia, including the Philippines, and a variety of approaches have been taken to improve dietary quality and quantity [1] [2] [3] [4] . A recent approach termed biofortification involves the breeding of staple food crops to enhance specific nutritional qualities [5, 6] . Varieties of crops such as rice, maize, wheat, beans, and cassava have been developed with enhanced levels of specific micronutrients such as iron, zinc, and β-carotene by the HarvestPlus project and its predecessors [5] . We recently conducted a study designed to test the efficacy of consumption of biofortified rice under controlled conditions by Filipino women who were at risk for iron deficiency. The results of this placebo-controlled, randomized trial conducted in convents in Manila have been published [7] and showed that the consumption of biofortified rice providing an additional 1.41 mg/day of dietary iron by religious sisters resulted in a significant gain in body iron over a 9-month period.
As part of our efficacy trial, we collected dietary intake data from each of the participants throughout the study. This was accomplished through the use of weighed food intakes collected multiple times in all sisters for the duration of the study. Thus, we have a rich dataset with which to characterize and evaluate the Filipino diet. Because our dietary intake data were 207 Variation in the diets of Filipino women collected by weighed food intakes, our dataset has a level of accuracy that is unmatched by previous studies in the Philippines. Therefore, given the advantages of our dataset over other datasets, we have used these data to characterize and evaluate the dietary patterns of the women in our study. These data should serve to inform the policy makers who are responsible for recommending appropriate nutrient interventions to combat micronutrient deficiencies.
Subjects and methods
The study was carried out among young women in training to become religious sisters of the Roman Catholic Church; screening of the subjects and protocols are described elsewhere [7] . The subjects were chosen from convents located near Manila, Philippines. This study was a prospective, randomized, controlled, doubleblind, longitudinal (9 months), intervention trial involving 317 women. The study had two arms: one group of women received low-iron rice (0.57 mg of iron per kilogram of rice), and the other received high-iron rice (3.21 mg of iron per kilogram of rice); these were the exclusive sources of rice consumed over 9 months. All 317 sisters in the 10 eligible convents participated in the food-consumption data collection. Individual subjects were randomly assigned to consume either the high-iron rice (IR68144) or the control rice (C4). The dietary analysis reported here was performed on the entire dataset.
The procedures were reviewed and approved by the institutional review boards for use of human subjects in research at Pennsylvania State University, Cornell University, and the University of the Philippines, and were in accordance with the Helsinki Declaration of 1975 as revised in 1983. Informed consent was obtained from all participants previously [7] .
Study protocol
Each convent housed a female member of the research team who had the responsibility for preparation and cooking of the rice, weighed dietary intakes, administration of questionnaires, administration of deworming medication, collection of fecal samples, and other research activities. These field assistants were also responsible for monitoring the rice consumption of each subject at all meals on all days. Meals in the convents were served family style, with all of the women eating at the same time. A common kitchen prepared all of the food, and the women were allowed to eat as much as they desired. The only component of the meal that was controlled was the type of rice consumed by each woman. Every portion of rice consumed at each meal was weighed. In addition, weighed intakes of the entire diet were collected from each of the study par-ticipants on three random days (including one weekend day) every 2 weeks for a total of 54 daily food-intake measurements from each woman. Food weights were converted to amounts of nutrients by using the Philippine and ASEAN food-composition tables [8, 9] . Supplement use was monitored by a daily questionnaire. Women were asked the name of the supplement and the amount consumed. The phytic acid content of cooked rice was measured directly according to the method of Lehrfeld [10] by Dr. Ray Glahn at the USDA Plant, Soil and Nutrition Laboratory, Ithaca, New York, USA.
Statistical analysis
The data were analyzed by linear modeling procedures [11] using R-2.2.1 software (R Core Development Team, 2005). Multiple ANOVA analyses were conducted to determine within-subject, between-subject, between-convent, and seasonality effects on the variance of dietary intake. Final computations included covariance control for convent and season. Data from individual meals were combined to calculate daily intake values for each individual for each day. This daily intake was then utilized within the modeling procedures. Diagnostic plots and statistics were used to examine conformance between modeling assumptions and model residuals. Where necessary, transformation was used to remedy violations of assumptions [12] . Tolerance for type I error was fixed at .05.
Results
The intakes of 14 food groups, including the two rice types, based on 54 days of weighed food intakes over 9 months are shown in table 1. The range of intakes of items within a food group was quite large, with a subsequent variation in the contribution to the overall diet. The mean ± SD rice intake for women consuming the control variety of rice was 657 ± 222 g/day, whereas that of the women consuming the high-iron variety of rice was slightly lower at 586 ± 235 g/day. Rice accounted for approximately 24% to 26% of food intake by weight. Other cereals and starches accounted for 5.3% and 2.2% of the diet by weight, respectively. The macronutrient and micronutrient intakes from major food groups were determined by converting the weight of food items to amounts of nutrients and are shown in tables 2 and 3. Importantly, 43% of daily food energy was obtained from rice, 18% from other cereals, and 3% from starchy tubers. The protein sources were variable, but approximately 18% of calories were from meat, fish, and poultry.
The mean and median intakes of macro-and micronutrients were also calculated and are shown in tables 4 and 5. On average, 68% of calories were derived from carbohydrate, 20% from fat, and nearly 12% from protein. Only 6% of women had inadequate intakes of calories, defined as below 80% of the Filipino recommended dietary allowance (RDA) of 1,810 kcal/day. The iron intake of this population was low, with about 9.2 mg/day obtained from dietary sources, representing approximately 34% of recommended dietary intakes for Filipino women of reproductive age [8] . All women had iron intakes of less than 21 mg of iron per day, 80% of the RDA established for Filipino women of reproductive age. Intakes of other micronutrients were also low.
The mean daily intake of calcium was 495 mg/day, or 66% of the recommended intake. Eighty-two percent of the women consumed less than 600 mg of calcium per day. The mean intakes of niacin, riboflavin, thiamin, and folic acid were 102%, 82%, 70%, and 87% of the recommended intakes for Filipino women, respectively. Only 12% of the subjects had low intakes of niacin, and 6% had low intakes of folate. In contrast, more than 65% of the women had low riboflavin intakes and 85% had low thiamin intakes. Although the average vita- We were able to statistically examine the impact of three defined "seasons" of the year on food intake patterns (table 6) . These seasons were defined as "wet" (June-October), "dry" (November-February), and "hot" (March-May). There was a statistically significant drop in intake of cereals and vegetables in the hot season, whereas the intake of fruit and milk increased during the hot season. The intake of eggs was much lower in the wet season, whereas the intake of both types of rice was higher during the wet season than in either the hot or the dry seasons. There were also differences between the dry and the hot seasons in the intake of some other foods, such as rice. For most convents, the variation in diet reflected the availability of food in the marketplace and subtle variations in menus prepared over the course of the year. The decreases in intake of cereals, rice, fat, and vegetables in the hot season were somewhat counterbalanced by increases in the intake of meat, milk, eggs, and fruit, suggesting a seasonal shift away from cereals and toward meat and dairy products. Total caloric intakes did not show a significant shift across seasons.
In addition to variation due to season, there was significant daily variation in intakes for individuals and across convents. The significant between-convent variation in intakes of most food groups, and hence of nutrients, most likely reflects the relative wealth of the convents and hence foods that were available rather than food-choice behaviors. This point was not a main focus of the dietary evaluation and was not pursued. The distribution of intakes between and within individuals was of great interest, however. We calculated the intakes of major food groups and nutrients for each individual on each of the 54 days that data were collected. The histograms of distribution of intakes of food groups were all highly skewed, with the exception of rice intake, which approximated a normal distribution ( fig. 1A and B) . The proportion of individuals in the tails of each distribution varied greatly from one food group to another. The distributions of food group intakes were similar in the two rice group cohorts.
Day-to-day within-subject variations in nutrient intakes were calculated from the 54 days of intake data collected over the 9 months in order to evaluate the stability of food intake patterns (tables 4 and 5). Around the median energy intake of 1,791 kcal/day there was a range from 985 to 2,866 kcal/day with a median standard deviation within a. The coefficient of within-subject daily variation was computed using the mean daily intake for a particular subject during the 54 weighed food-intake days. The coefficient of daily variation was then computed from the SD within a subject and the subject's mean intake. 3.9 ± 7.9 2.0 0.94-16.9 3.4 177 RE, retinol equivalent a. The coefficient of within-subject daily variation was computed using the mean daily intake for a particular subject during the 54 weighed food-intake days. The coefficient of daily variation was then computed from the SD within a subject and her mean intake. a subject of approximately 414 kcal/day. Thus, the median coefficient of variation of calorie intakes was around 23%. Similarly, protein intake varied by 31%, carbohydrate by 21%, and fat by slightly more than 50%, suggesting a diet that was not entirely repetitive day-to-day. The coefficient of daily variation for micronutrients was even more pronounced. Total dietary iron, heme iron, and nonheme iron varied day-to-day by 42%, 78%, and 45%, respectively. Thus, although meat appeared to be a typical component of the diet, there was substantial variation in the amount of meat consumed from one day to the next. The variations in intake of water-soluble and fat-soluble vitamins show the large variation expected when one type of vitaminrich food is eaten infrequently. The intake of β-carotene varied by 126% from day to day, whereas the variation in vitamin A intake was even greater at 138%. Vitamin B 12 intake was the most variable, with a CV of 177%. Calcium, niacin, zinc, and phosphorus all showed day-to-day variation of around 30% to 50%, whereas folate and riboflavin intakes were substantially more variable, with CVs of 60% to 80%. These considerable variations in nutrient intake indicate a diet that is not monotonous or homogeneous and that is rich in the variety of items consumed, despite the cloistered life of the religious sisters.
Discussion
The original study was designed to test the biological effects of consuming additional dietary iron from biofortified rice. The research was conducted in convents where the research team could exercise considerable control over the research environment, including continuous supervision and measurement of dietary intake and assurance of compliance to the rice group allocations. The additional iron found in the biofortified rice resulted in a small increase in concentration of 2.64 mg/kg over commercially available rice, which in turn resulted in a significant increase in consumption of 1.41 mg/day and a significant improvement in iron status of iron-deficient women [7] . As a by-product of efforts to precisely quantify the impact of this intervention on the research subjects, considerable time and effort was devoted to measuring total dietary intakes. This resulted in a unique dataset which, to our knowledge, is more quantitatively accurate than any other dataset available for a large sample of individuals consuming an Asian diet [13] .
The current report describes the characteristics of the diet, individual variation in dietary intake, and seasonal effects on intake for more than 300 religious sisters living in 10 convents in Manila. Questions regarding within-subject variation can be validly addressed in this study, as we utilized weighed food intakes over a long period of time. This level of accu-racy of measurement of food intake is not available in studies in which food records, diet recalls, and other such methods are used. There is often a poor correlation between 7-day food records, food-frequency questionnaires, and actual intake when biomarkers of status are utilized [13] [14] [15] . Weighing of food intake is a far superior approach to quantify dietary intake than 24-hour recalls, food records, or food inventories, but it can usually only be done in metabolic units or highly controlled clinical settings [16] . Methods that rely on self-report of dietary intake are subject to reporting errors from subjects as well as random errors. There is a widely recognized underreporting bias for calories that may be intentional, while other errors arise from the inability of subjects to accurately estimate portion size [17] . Therefore, reporting errors are unavoidable when methods such as dietary intake recalls, food records, or food inventories are used, but they can be avoided with the method used in this study.
The degree of control over measurement of food intake and the logistic support from subjects living in convents provide a unique situation for performing this type of study. However, the research setting of this study in convents may call into question the representativeness of these dietary data as a reflection of the habitual intakes of the general Philippine population. There is substantial variation in wealth among the convents, with some convents having very strong ties to, and associated wealth derived from, the Vatican, whereas others are very poor and survive primarily through the support of local merchants and benefactors who provide them with food and some supplies. We cannot say that this variation is representative of the variation in wealth in the Philippines. Unfortunately, there are no good representative and recent data with which to compare our data for generalization to other populations. An evaluation of macronutrient and micronutrient consumption patterns, published 2 years ago with a focus on estimating food adequacy in a community setting, is in general agreement with our current observations in Manila [16] . That research reported low intakes of iron, calcium, sodium, zinc, and other minerals. The daily intake of iron was reported as 8.35 mg in 2000 and only 5.85 mg in 1992. The intakes of minerals in our study by reproductive-age women were similarly low. This suggests that adequate mineral intake is not being achieved in either the community or the religious sisters who participated in our feeding trial. There were no evaluations of vitamin intake in the Natera report [18] , but there are comparison data available from the Food and Nutrition Research Institute report of 1993 [8] . That government report noted a mean intake of cereals, consisting mostly of rice, of only 340 g/day, in contrast to our observation of more than 600 g/day. The intake of fish, meat, and poultry was reported in 1993 as 147 g/day, whereas we report a slightly lower intake of 125 g/day. One of the biggest differences was that between the estimated intake of only 77 g/day of fruits in 1993 and the intake of 162 g/day in the current study.
There are very large differences in methods of measuring food intake between the 1993 approach and our weighed food-intake approach, so that conclusions regarding changes in the Filipino diet over one decade cannot be made. In addition, large differences in foodconsumption patterns between regions and between urban and rural areas limit the generalization of our data to the general population of reproductive-age women in and around Manila [18] .
Apart from these previously cited studies, there have been very few evaluations of the Filipino diet, or even of Asian diets in general, regarding adequacy of intakes to meet estimated requirements or for the prevention of disease [2, 3] . An examination of bioactive components of foods, or functional foods, in the Filipino diet has implicated certain aspects of the diet as promoting the development of breast cancer [19] . Others have examined the energy intake from the Filipino and Asian diet from the perspective of adequacy for growth and development and for pregnancy [20, 21] . These studies have concluded that the largely rice-based diet of the Philippines provides adequate calories for much of the population, although pockets of poverty in rural regions limit caloric adequacy [1] [2] [3] 22] . We did not take that approach in the current study. Our subjects were generally stable in weight over the course of the 9 months, with a mean weight gain of 1.2 kg. The energy intake of around 1,850 kcal/day reduced the number of underweight women (12 subjects) to less than 5% of the entire sample. The reliance on rice as the primary source of calories does not imply a monotonous diet, as evinced by the substantial day-to-day variations in protein, fat, and micronutrient intakes noted in this study. This suggests that careful selection of food items generally available to the population can improve the overall quality of the Filipino diet without the need to substitute another cereal for rice.
The quantitative evaluation of the diet in the current study provides the first firm measurements of the amount of variation expected in intakes of macro-and micronutrients in the Philippines. Clearly, there are limitations to generalizing these results to free-living populations that have different constraints on food purchasing and availability than did the sisters in our study. Until a similar quantitative dietary evaluation of the general population of the middle class can be performed, these data can provide policy makers some clear estimates with which to work.
In conclusion, this evaluation of the Philippine diet over an extended period of time demonstrates significant variation within individuals and between seasons, as well as documenting inadequate intakes of a number of micronutrients. These data will provide a firm measurement base for future examinations of dietary adequacy in the Philippines.
